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SEMICONDUCTOR LIGHT EMITTING DEVICE 
AND METHOD FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 
The present invention relates to a semiconductor 
light emitting device and a method for producing the sam^ 
and more partictilarly, a semiconductor light onitting 
5 device comprising a gallium nitride type compound 
semiconductor for emission of blue light and a method for 
producing the same. 

Such a gallium nitride type compotmd 
semiconductor is (1) a semiconductor comprising a compound 
10 of Ga of group III element and N of group V element, or 
(2) a semiconductor which comprises a GaN compound in 
which a part Ga is substituted by other group III 

elements such as Al or In and/or a part of N is 
substituted by other group V dements such as P or As. 
15 The semiconductor light emitting devices include 

light emitting diodes (hereinafter referred to as *LEiy*) 
having pn junctions or double heterojunctions such as 
pin junctions, super-liuninescent diodes (hereinafter 
referred to as "SUT), and semiconductor laser diodes 
20 (hereinafter referred to as "LD"). 

Although conventional blue LEDs are lower in 
luminance than red or green ones and disadvantageous for 
practical use, they have been improved by using gallium 
nitride type compound semiconductor and more specifically, 
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dopingr an amount of Mg thus forming: a p-type semiconductor 
layer with a low resistance and are now available for new 
explications. 

A conventional gallium nitride LED has a 
5 structure shown in Fig. 7. It is fabricated by applying 
gaseous forms of metal organic compounds such as 
trimethylgallium (TMG) and ammonia (NHa) together with a 
carrier of Hz gas to a single-crystal substrate 51 of 
sapphire (AI2O3) at a low temperatiire of 400TC to 700'C 

10 using a metal organic chemical vapor deposition (MOCVD) 
method to form a low— temperature buffer layer 54 of, 
approximately 0.01 to 0.2 micrometer thick, comprising 
GaN, and applying the gaseous forms of the same materials 
at a high temperature of 7001C to 12001C to form a 

15 high-temperature buffer layer 55, approximately 2 to 5 
micrometers thick, comprising n-type GaN which is 
identical in the chemical composition to the layer 54.. 

A gaseous form of trimethylaluminum (TMA) is then 
added to the prescribed materials to deposit an n-type 

20 cladding layer 56 of, approximately 0-1 to 0.3 
micrometer thick, comprising AlacGai-^cN (where 0<x<l) for 
creating a double heterojunction. Those n-type layers are 
prepared by dex)ending on the fact that gallium nitride 
type compound semiconductor materials can be made n— type 

25 without addition of any n-type impurities or by 
simultaneous application of SiH^ gas. 

Then, the same materials including a less amoimt 



of Al and a more amount of In than in the daddmg layers 
are deposited to form an active layer 57 which is 
comprising, for example, Ga^Inx-yN (where 0<3^1) and lower 
in band gap energy than the cladding layers- 
5 Also, a p— type impmity of Mg or Zn in the form 

of a metal organic compoimd gas of e.g. 
bis(cyclopentadienyl)magne3ium (CP^Mg) or dimethylzinc 
(DMZn) is added to the same gaseous materials as of the 
n— type cladding layers in a reaction tube to form a p— type 

10 cladding layer 58 comprising p-type AlxGai-JN. 

Furthermore, the same gaseous miatodals . are 
applied for vapor deposition of a p-type GaN cap layer 59. 

Whole surfaces of growth layers of the 
semiconductor material is then coated with a protective 

15 layer of e.g. SiOz and the like and annealed for 
approximately 20 to 60 minutes at a temperature ranging 
from 400TC to 800X1 , allowing both the p-type cap layer • 59 
and the p-type cladding layer 58 to be activated. After 
the protective layer is removed, a resist pattern is 

20 applied for assigning n-type electrodes. When the 
semiconductor layers are subjected to dry etching by 
chlorine plasma atmosphere, desired . regions of the n-type 
GaN high-temperature buffer layer 55 are exposed as shown 
in Fig. 7. Finally, two electrodes 59 and 60 are formed 

25 by sputtering of a metal film such as Au or Al. The 
semiconductor layers are then diced to LED chips. 

As understood, a conventional semiconductor light 
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knitting device using the gallium nitride t3rpe compotmd 
semiconductor material has at back side a sapphire 
substrate made of an instilating material. For forming 
electrodes on the back side, it is hence needed to use 
5 etching or other complicated processing methojd. 

Although the sapphire substrate withstands a high 
temperature and is easily bonded to any type of cnrstal 
surface, the sapphire is very different from the gallium 
nitride semiconductor material in lattice constant, 4, 75 8 

10 (sapphire substrate) angstrom to 3.189 (gallium xutride 
type semiconductor crystal) angstrom, and also, in 
coefficient of thermal expansion. The difference in 
lattice constant may result in crystal defect or 
dislocation in the buffer layer stacked on the sapphire 

15 substrate as denoted by A in Fig. 8- If the crystal 
defect propagates to the single-crystal gallium nitride 
type compound semiconductor layers which are stacked on 
the buffer layer and act as operating layers, operating 
region is declined and also optical characteristics of the 

20 semiconductor layers degrade. 

In addition, the sapphire substrate is hardly 
cleft and it is thus not easy to produce semiconductor 
light emitting device chips by cleaving above-mentioned 
structure of the semiconductor layers. It is said that 

25 the conventional semiconductor layer structure described 
above is not appropriated for producing particular devices 
such as semiconductor laser devices in which two opposite 



sides are required to be mirror . surfaces which are 
parallel with each other at high accuracy. It is also 
hard to process the sapphire substrate^ which may thus be 
processed with much difficulty. 

5 

SUMMARY OF THE INVENTION 
It is an object of the present invention to 
provide an improved semiconductor light emitting device 
and a method for producing the same wherein the above 

10 disadvantages are eliminated and the generation of 
undesirable artifacts including the crystal defect and 
dislocation which may result from mismatch in lattice 
constant or thermal ea^ansion coefficient are minimized. 

It is a further object of the present invention 

15 to provide a semiconductor light emitting device and a 
method for producing the same, the semiconductor light 
emitting device having multilayer structure wherein 
processing like as separating wafers to chips easUy by 
cleaving, for example, is easily performed. Consequently, 

20 gallium nitride type compound semiconductor according to 
the present invention enables to obtain mirror surfaces as 
end surfaces by cleaving for a semiconductor light 
emitting device which needs, like semiconductor laser, two 
mirror surfaces which are parallel with each other as end 

25 surfaces of the devica 

A SMiiconductor light emitting device according 
to the first aspect of the present invention in order to 



achieve the object comprises a singler-crystal silicon 
substrate, an insulating layer formed on the 
single-crystal silicon substrate, and gallium nitride type 
compound semiconductor layers provided on the insulating 
5 layer. 

It is preferable to employ a single-crystal 
silicon substrate of which (111) crystal plane is a 
principal plane^ since an insulating layer of which 
lattice matching with gallitim nitride type compound 

10 semiconductor layer at an interface between the gallium 
nitride type compound semiconductor substrate and the 
insulating layer is appropriate can be obtained. 

The gallium nitride type compound semiconductor 
layers may be a plurality layers including a p-type layer 

15 and an n--type layer and an active layer for emission of 
light. This structure is preferable so as to provide the 
light emitting device. The gallium nitride type compound 
semiconductor layers comprises a buffer layer, a lower 
cladding layer, an active layer, an upper cladding layer, 

20 and a cap layer. 

The buffer layers are made of n-'type GaN, the 
lower cladding layer is made of n-type Al^Gai-^N (0<x<l), 
the active layer is made of Ga^Ini-^N (0<n^l), the upper 
cladding layer is made of p-type Al,cGai-«;N (G<x<l), and 

25 the cap layer is made of p-type GaN, thus the light emit- 
ting device with double hetero structiure can be provided. 

A method for producing the semiconductor light 
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emitting device according to the first aspect of the 
present invmtion comprises the steps of: 

(a) forming an insulating layer on a single- 
crystal silicon substrate; 
5 (b) forming a gallium • nitride . type compound 

semiconductor layer as a buffer layer on the insulating 
layer; 

(c) stacking on the buffer layer in sequence a 
lower cladding layer, an active layer, an upper cladding 

10 layer, and a cap layer, these layers being made of galliiun 
the nitride type comi>ound semiconductor; 

(d) exposing a predetermined surface of the 
buffer layer by etching perpendicularly to the 
single-crystal silicon substrate; 

15 (e) forming electrodes on both the cap layer and 

the predetermined surface of the buffer layer exposed by 
the etching treatment in step (d), whereby obtaining, a 
semiconductor wafer having multilayer structure; and 

(f) separating the semiconductor wafer to chips 

20 by dicing or by cleaving 

According to the first 2ispect of the present 
invention, the insulating layer of, for example, silicon 
nitride or aluminum oxide is deposited on the single- 
crystal silicon substrate and then« single-crystal gallium 

25 nitride type compound semiconductor layers which are 
operating layers, are grown on the gallium nitride type 
compound semiconductor bxiffer layers which are on the 



iziaulating layer. As a result, the deposited lairers on 
the substrate are similar to one another in lattice 
constant and coefficient of thermal expansion, thus having 
less chance of undesirable lattice defect and dislocation. 
5 The buffer layer is provided for preventing 

crystal defect generated by lattice mismatch between the 
gallitmi nitride type compound semiconductor layers and the 
insulating layer on the single-crystal semiconductor 
substrate from extending across the single-arjrstal gallium 

10 nitride type compound semiconductor layers which are 
operating layers and from generating other defect or 
dislocation. The buffer layer may have a double layer 
structure including the low-temperature buffer layer and 
the high-temperature buffer layer to minimize and relax 

15 the lattice mismatch efficiently. 

Also, since the single-crystal semiconductor 
layers of the buffer layer and the cladding layer, 
thickness of each of the buffer layer and the cladding 
layer being at least one micrometer, are identical to each 

20 other in chemical composition, their cleft edges are 
highly planar in cleft surface, thereby mirror surfaces 
being easily obtained. 

To achieve the foregoing object, according to the 
second aspect of the present invention, a gallitmi nitride 

25 type compound semiconductor substrate is employed as the 
semiconductor substrate and gallium nitride type compoimd 
semiconductor layers are stacked on the substrate. 
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The semiconductor light emittiiig device* according 
to the second aspect of the present invention comprises 
gallium nitride type compound semiconductor layers stacked 
on the gallium nitride type compound semiconductor layers. 
5 A method for producing a s&niconductor light 

emitting device according to the second aspect of the 
present invention comprises the steps of: 

(g) growing a gallium nitride type compotind 
semiconductor layer on a single-crystal semiconductor 

10 substrate; 

(h) removing the singler-crystal semiconductor 
substrata and 

(i) growixig single-crystal gallium nitride type 
compound semiconductor layers including at least both an 

15 n-type layer and a p-type layer, on the singler-crystal 
gallium nitride type compouitid semiconductor layer, with 
utilizing the gaUitim nitride type compotmd semiconductor 
layer as a new substrate. 

It is preferable that the single-crystal 

20 semiconductor substrate is made of one memba" of selected 
from the group consisting of GaAs, GaP, InP and Si and has 
a (111) crystal plane, for optical and electrical 
characteristics of the gallium nitride type compound 
semiconductor layers which are formed thereon. 

25 It is also preferable that the step (g) of 

growing the gallium nitride type compound semiconductor 
layer on the single-crystal semiconductor substrate may be 
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implemented by forming the low^emperattire buffer layer of 
the galliwa nitride type compound semiconductor layer on 
the single-crystal semiconductor substrate at low 
temperature of 4001C to 700*C and forming the gallium 
'5 nitride type compound semiconductor layo" at higher 
tanperature of 700TC to 1200TC so that the loMrtemperature 
buffer layer relaxes the lattice mismatch between the 
substrate and the low-temperature buffer layer and 
prevents crystal defect or dislocation. 
10 More preferably, before the step (i) of growing 

the gallitun nitride type compound single-crystal 
semiconductor layers, the low-temperature buffer layer of 
the gallium nitride type compound semiconductor is formed 
at low temperature of 400'C to 700'C and then, the high- 
15 temperature buffer layer of the gallium nitride type 
compotind seiniconductor is formed at high temperature of 
7001C to 12001C and is followed by the growing of the 
single-crystal semiconductor layers of gallium nitride 
type compound to minimize crystal defect or dislocation 
20 produced in the galUtun nitride type compoimd. 
semiconductor substrate. 

The single-crystal gallium nitride type compoimd 
semiconductor layers including at least both the n-type 
layer and the p-type layer comprise the n-type cladding 
25 layer, the active layer, and the p-type cladding layer, 
these three layers forming a sandwich structure. In 
particular, the band gap energy of the active layer is 
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smaller than that of the n-type cladding lairer or the 
p-type cladding layer. Also* the n-type cladding layer, 
the p-type cladding layer, and liigh'-temi>erature buffer 
layer and the gallium type nitride tirpe compotmd 
5 samiconductor substrate are the same in nli*>Tnir^1 
composition, thus providing light emitting device with 
high efficiency of light emission. 

It is preferable that a semiconductor wafer on 
which the single-crystal gallitim nitride type compound 
10 semiconductor layers is th^ deft to desired chips, thus 
providing the mirror end surfaces. 

According to the second aspect of the presoit 
invention, after the gallium nitride type compound 
semiconductor layer is grown on a single-arstal 
15 semiconductor substrate, the single-crystal s^niconductor 
substrate is removed and single-crystal gallium nitride 
type compound semiconductor layers which are operating 
layers are provided on the gallium nitride type compound 
semiconductor layer which is now utilized as a new 
20 substrate. The semiconductor layers are similar to one 
another in lattice constant and coefficient of thermal 
expansion, thus having less chance of undesirable lattice 
defect and dislocation. 

A crystal defect in the galliimi nitride type 
25 compound semiconductor layer which is grown on the 
original singler-crystal semiconductor substrate and is 
utilized as a new substrate may be generated by lattice 
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miamatch between the gallium nitride type compound 
semiconductor layer which is the new substrate and the 
single-crystal s^niconductor substrate. The crystal 
, defect also may extend across the single-crystal gallium 

5 nitride type compound semiconductor layers which are 
operating layers. Thereby other dislocation or crystal 
defect may be generated. The crystal defect or 
dislocation is however prevented by the presence of the 
low-temperattire buffw layer and high-temperature buffer 
10 layer provided between the gallium nitride type compoimd 
semiconductor layers and the new substrate. 

Since the single-crystal semiconductor layers of 
the buffer layer and the cladding layer, thickness of each 
of the buffer layer and the dadding layer being at least 
15 one micrometer, are identical to each other in chemical 
composition, their cleft edges are highly planar in cleft 
mirror surface. 

To achieve the forgoing object, the third aspect 
of the present invention by use of a group U-VI compound 
20 semiconductor substrate as a semiconductor substrate. 

The semiconductor Ught emitting device according 
to the third aspect of the present invention comprises 
gallium nitride type compound semiconductor layers stacked 
on a n-VI compound semiconductor substrate. 
2^ The gallium nitride type compound semiconductor 

layers may be stacked on a top surface of the substrate 
comprising group VI atoms of the group H-VI compound 
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material so that the lattice matching at interface is 
desirable 

The group II-VI compound semiconductor substrate 
may be made of ZnSe. When the group n-VI compound 
5 semiconductor substrate is made of ZnSe, the substrate 
does not absorb light with at least 470 nanometer 
wavelength. When the semiconductor substrate is made of 
ZnS, the substrate does not absorb light with at least 320 
nanometer wavelength. As a result, the light emitting 
10 semiconductor device can be provided which has improved 
efficiency of light emission. 

A method for producing the semiconductor light 
emitting device according to the third aspect of the 
present invention comprises the steps of: 
15 (j) preparing the group II-VI compound 

semiconductor substrate; 

(k) stacking 9 buffer layer of gallium nitride 
type compound semiconductor on ia principal plane of the 
group n— VI compound semiconductor substrata 
20 (1) stacking on the buffer layer in sequence a 

lower cladding layer, an active layer, an upper cladding 
layer, and a cap layer, these layers being made of the 
gallium nitride type compound semiconductor with matching 
crystal lattice of each layer to one another; 
25 (m) forming electrodes on both the top of the cap 

layer and the bottom of the group II-VI compound 
semiconductor substrate, whereby obtaining a semiconductor 
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wafer having multilayer structiir^ and 

(n) cleaving tiie semiconductor wafer to chips. 
Preferably the step of forming the buj^er layers 
comprises steps of forming a low-temi>erature buffer layer 
at low temperature and forming a high-temperature buffer 
layer at high temperature. 

According to the third aspect of the present 
invention, the substrate on which gallium nitride type 
compound semiconductor layers are grown is made of a group 
n-VI compound semiconductor such as ZnSe or ZnS- The 
gallium nitride type compound semiconductor layers are 
hence similar to the group II-VI compoimd semiconductor 
substrate in both lattice constant and coefficient of 
thermal expansion, having less chance of tindesirable 
crystal defect and dislocation. 

Also, the group n-VI compound semiconductor 
substrate is employed with a top surface comprising the 
group VT atoms of the group II-VI compound semiconductor 
substrate, thus decreasing the lattice mismatch to the 
gallium nitride type compound semiconductor layers. This 
allows any crystal defect or dislocation to rarely occur 
into the single-crystal gallium nitride type compoimd 
semiconductor layers which are operating layers. 

Since the single-crystal semiconductor layers of 
the buffer layer and the cladding layer, thickness of each 
of the buffer layer and the cladding layer being at least 
one micrometer, are identical to each other in chemical 
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composition, their cleft edges are highly- planar in cleft 
surface, thereby mirror surfaces being easily obtained. 

According to the fourth aspect of the present 
invention so as to achieve the prescribed object, a group 
5 in-V compound semiconductor substrate is used as a 
semiconductor substrate. 

The semiconductor light emitting device according 
to the fourth aspect of the present invention comprises 
gallitun nitride type compound semiconductor layers stacked 
10 on a group ni-V compound semiconductor substrate. 

It is preferable that the gallium nitride type 
compound semiconductor layers are stacked on a top surface 
of the substrate comprising group V atoms of the group 
ni-V compoimd material, thus providing a desirable 
15 lattice matching at interface. 

The group III-V compound semiconductor substrate 
is preferably made of a member selected from the group 
consisting of GaAs, InAs, GaP and InP. 

A method for producing the semiconductor light 
20 emitting device according to the fourth aspect of the 
present invention comprises the steps of: 

(o) preparing the group III-V compoimd 
semiconductor substrata 

(p) stacking a buffer layer of gallium nitride 
25 type compound semiconductor on a principal plane of the 
group m-V compound semiconductor substrate; 

(q) stacking on the buffer layer in sequmce a 
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lower daddiiiff layer, an active layer, an upper dadding 
layer, and a cap layer, these layers being made of gallium 
nitride type compound semiconductor substrate, with 
matching crystal lattice of each layer to one another; 
5 (r) forming electrodes on both the top of the cap 

layer and the bottom of the group IXI-V compound 
semiconductor substrate, whereby obtaining a semiconductor 
wafer having maltilayer structiu-^* 

(s) cleaving the semi conductor wafer to chips. 

10 According to the fourth aspect of the present 

invention, the substrate on which gallium nitride type 
compotmd semiconductor layers are . stacked is made of a 
group m-V compound material such as GaAs, InAs, GaP, or 
InP. The gallium nitride type compoimd semiconductor 

15 layers are hence similar to the group III-V compound 
semiconductor substrate in lattice constant and 
coefi^cient of thermal expansion, having less chance of 
undesirable crystal defect and dislocation. In 
particular, the thermal expansion coefficient of above- 

20 mentioned group III-V compotmd material is approximate to 
that of GaN as compared with conventional sapphire 
substrate, and distortion in the lattice will be minimized 
during the heating process in fabrication process. 

Also, the substrate is provided with a plane 

25 corresponding to C plane of the sapphire and a top stirface 
comprises the group V atoms of the group IlI-V compound 
semiconductor substrate, thus decreasing the lattice 
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ndsmatch to the gallium nitride type coiupouiid 
semiconductor layers. This allows any crystal defect or 
dislocation to rarely occur in the single-crystal gallium, 
nitride type compound semiconductor layers which are 
5 operating layers. The group V atoms of the group m-V 
compound semiconductor substrate on the top surface of the 
substrate promote nitrogenizing on the substrate thus 
producing optimimi alignment of crystalline planes in the 
gallitmi nitride type compound semiconductor layers. 
10 Since the single-crystal semiconductor layers of 

the buffer layer and the cladding layer, thickness of each 
of the buffer layer and the cladding layer being at least 
one micrometer, are identical to each other in the 
chemical composition, their cleft edges are highly planar 
15 in cleft surface, therby mirror surfaces being easily 
obtained. 

In addition, when the substrate is made of a 
proper material comprising group JH atoms which are 
founded in the buffer layer, distortion between the 
20 substrate and the buffer layer can be minimized. 

BRIEF EXPLANATION OF THE DRAWINGS 
Figs. 1(a) to 1(f) are explanatory diagrams 
illustrating steps of producing a semiconductor light 
25 emitting device according to the present invention; 

Fig. 2 is an explanatory cross sectional view of 
an LED according to the present inventioi^- 



ft 

Figs. 3(a) to 3(e) are e9q;>lanatory diagrams 
illustrating steps for producing a semiconductor light 
emitting device according to the present invention; 

Fig, 4 is an explanatory cross sectional view of 
5 an LED produced by the method according to the present 
invention; 

Fig. 5 is an explanatory cross sectional view of 
a semiconductor laser device according to the present 
invention; 

10 Fig. 6 is an explanatory cross sectional view of 

an LED according to the present invention; 

Fig. 7 is ah explanatory cross sectional view of 
a conventional gallium nitride LED. 

Fig. 8 illustrates dislocation in a buffer layer 
15 formed on a conventional sapphire substrate. 



DETAILED DESCRIPTION 

Example 1 

This Example 1 shows an example according to the 
20 first aspect of the present invention wherein . gallium 
nitride type compound semiconductor layers are stacked to 
product on a single-crystal sillicon substrate as a 
seiniconductor substrate on wtdch an insulating layer made 
of sillicon nitride and the like are provided- 
25 The semiconductor laser and a method for 

producing the same will be explained in detail referring 
to Figs. 1(a) to 1(f). 
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The procedure of the method starts with removins 
an oxide fihn from a single-crystal silicon substrate 21 
having a (111) crystal plane as its principal plane. 
Then, 500X; to 90010 of heat is applied under an 
5 atmosphere of nitrogen gas to nitrogenize a surface r^on 
of the substrate 21, forming an insulating layer 22 which 
comprises SisN^* for example, and has a thickness of 
approximately 1 to 5 nanometers, as shown in Fig. 1(a). 

This is followed by introducing metal organic gas 

10 and impurity dopant gas for deposition of layers using 
MOCVD method as is the case with prior arts explained 
hereinbefore, as shown in Fig. 1(b). More particularly, 
in sequence on the insulating layer 22, a low-temperature 
buffer layer 23 comprising n-type GaN having a thickness 

15 of approximately 0-01 to 0.2 micrometer, a high- 
temperature buffer layer 24 comprising n-type GaN having a 
thickness of approximately 2 . to 5 micrometers at 
temperatxire ranging 7001C to 120010, a lower cladding 
layer 25 comprising n-type Al,cGai-,cN (0<x<l) having a 

20 thickness of approximately 0.1 to 0.3 micrometer, an 
active layer 26 comprising non'-doped (^xzInx-,xN (0<nSl) 
having a thickness of approximately 0-05 to 0.1 
micrometer, which is smaller in band gap energy than the 
cladding layers, an upper cladding layer 27 comprising 

25 p-type Al^cGaa-acN having a thickness of approximatdy 0.1 
to 0.3 micrometer, and a cap layer 28 comprising p— type 
GaN having a thickness of approximately 0.3 to 2 
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micronieters are provided. 

Then, the surface of stacked semiconductor layers 
is coated at the top with a resist layer 31 of 
approximately 0.3 to 3 micrometers in thickness having a 
5 pattern uncovering regions to be etched, as shown in Fig. 
1(c). The pattern of the resist layer is arranged so that 
the side of its opening 32 is substantially 
perpendicularly to the top surface of the substrate 21 or 
the stacked semiconductor layers. 

10 Next, the stacked semiconductor layers is 

subjected to reactive ion etching process under an 
atmosphere of CLs plasma gas where the. active layer 26 is 
etched until the n-tjfpe cladding layer 25 or the 
high-temperature buffer . layer 24 is exposed as shown in 

15 Fig. 1(d). As thus etched stu-face determines the end 
surfaces of the semiconductor light emitting device. The 
etching process is designed so that the light emitting 
sinrfaces exposing the active layer and end surfaces facing 
to the light emitting surface through a light waveguide 

20 are (0001) crystal plane of the Ga^Ini-^N layer. 
Accordingly, the end surfaces are finished to be smooth 
and favorable quality mirror surfaces. Then, a pattern of 
metal coating made of Au or Al is provided to form a 
p-side electrode 29 on the cap layer 28 and an n-side 

25 electrode 30 on the ejcposed high~*teniperature buffer layer 
24 (Fig. 1(e)). This is followed by dicing to produce an 
LED chip form shown in Fig. 2. Alternatively, the cap 
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layer 28 and a part of the. upper cladding layer 27 are 
etched with p-side electrode being used as a mask by a 
reactive ion etching process under an" atmosphere • of CI3 
gas to form a mesa type, then the substrate 21 is cleft in 
5 such a direction that smooth crystal planes of the 
substrate and epitaxial growth layers are exposed. As a 
result* the semiconductor laser chip of Example 1 has a 
light emitting surface highly smoothed while its p-side 
electrode 29 extending in a stripe of 4 to 10 micrometers 

10 wide and provided with mirror end surfaces (Fig. 1(f))- 

The insulating layer of Example 1 for covering 
the gallium nitride type compound semiconductor layer is 
made of silicon nitride (for example SisN^) which can 
easily be processed only by means of simple heat treatment 

15 under an atmosphere of nitrogen gas. Also, nitrogen atoms 
exist commonly in both the insulating layer and the 
gallitmo. nitride type compound semiconductor layer, thus 
allowing any interface between the layers to be matched as 
free from tmdesirable distortion, accordingly the gallium 

20 nitride type compound semiconductor layer with high 
quality surface can be obtained. 

Example 2 

This Example 2 shows an example according to the 
25 first aspect of the present invention wherein almintmi 
oxide is employed as an insulating layer 22 instead of 
sillicon nitride and others are the same as in Example 1. 
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As is the case with Example 1, preparixig. a singler-crystal 
silicon substrate having (111) crystal plane as a 
principal plane, an instilating layer 22 comprising 
alumintun oxide, AlaOs, instead of silicon nitride is 
5 formed by means of sputtering, evaporation or the like. 
The insulating layer is formed by a thickness of 
approximately 0.01 to 0.1 micrometer over a prepared 
single-crystal silicon substrate* 21. Similarly, as is the 
case with Example 1, a couple of buffer layers, a couple 

10 of cladding layers, and an active layer of galliimi nitride 
t3rpe compound semiconductor materials by means of MOCVD 
method are stacked and then semiconductor light emitting 
device shown in Figs. 1(a) to 1(f) or Fig. 2 is obtained. 

In this Example 2, the gallium nitride type 

15 compoimd semiconductor layers, an aluminum oxide 
intervening between the gallium nitride type compound 
semiconductor layers and the single-crystal siUicon 
substrate, allows their properties to remain stable. 
Accordingly, the characteristic properties of the layers 

20 are determined by a wider margin allowing more freedom of 
designing the light emitting device, 

In each of the prescribed Examples 1 and 2, both 
the light emitting surfaces of the both sides of the 
active layer 26 are substantially perpendicular to the top 

25 surface of the substrate 21. Also^ the active layer 26 is 
sandwiched by the two, upper cladding layer and lower 
cladding layer which are high in band gap energy. As a 
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result, the semiconductor laser acts as a . resonator 
provided with two opposite mirror end surfoces thus 
increasing the efficiency of light emission. A laser beam 
output from the active layer 26 proceeds parallel to the 
5 surface of the substrate and a direction of the laser beam 
can easily be aligned with the optical axis of a 
converging lens. 

In the prescribed Examples 1 and 2, the light 
emitting end surfaces may be produced by cleavage instead 

10 of etching. In case of the cleavage, the stacked 
semiconductor layers structure is cleft in a direction 
perpendicular to the etching direction which is determined 
for forming the n— side electrode 30* Accordingly, while 
its deft surfaces include the light emitting surfaces, a 

15 resultant device acts as an optical resonator provided 
with mirror . surf aces which are highly finished. 

Example 3 

This Example 3 shows an example according to the 
20 second aspect of the present invention wherein gallium 
nitride type compound semiconductor layers including a 
light emitting layer are stacked to product on a gallium 
nitride type semi conductor substrate as a semiconductor 
substrate. In this case, since the gallium nitride type 
25 compound semiconductor cannot directly be produced, the 
gallium nitride type compound semiconductor is obtained by 
providing the gallium nitride compound semiconductor 
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layers on t±Le other semicoxuluctor substrate^ ttdlizins the 
semiconductor lay^s as a new substrata so that a 
semiconductor for blue light emitting element comprising 
galliimi nitride type compound semiconductor is realized. 
5 As shown in Fig. 3(a), a low^emperature buffer 

layer 2 and a high--temperature buffer layer 3 both 
comprising a gallium nitride type compound semiconductor 
material are first deposited on a single-crystal 
semicondxictor substrate 1 by use of MOCVD method. 

10 The single-crystal semiconductor substrate 1 can 

be selected from the group consisting of GaAs single- 
crystal semiconductor, GaP single-crystal semiconductor, 
InP single-cxTTstal semiconductor, and Si single-crystal 
semiconductor, each having a (111) cirstal plane as a 

15 crystal plane. The single-crystal semiconductor substrate 
1 haying (111) crystal plane is substantially used becausle 
crystalline quality of the gallium nitride type compound 
semiconductor layer is most suitable. Also, above- 
mentioned single-crystal semiconductor substrate, for 

20 example GaAs and the like, is selected as its lattice 
constant is more approximate to that of gallium nitride 
type compound semiconductors than any other materials, 
thus minimizing distortion on the gallium nitride type 
compound semiconductor layers. 

25 For deposition of an Alx,Ga<^Ini-^-qN (0^p<l, 

0<q^l, 0<p+q^l) semiconductor layer, the MOCVD method may 
be implemented by placing the substrate in a reaction 
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furnace and feeding carrier gases in each gas flow rate, 
with a desired ratio of a carrier of H2 gas, a raw gas of 
Al in the form of TMA as metal organic gas, a raw gas of 
Ga in the form of TMG as metal organic gas, a raw gas of 
5 In in the form of TMI as metal organic gas, and N in the 
form of NH3 gas for chemical reaction ov«- the suhstrate. 
If the semiconductor layers of different compositions are 
wanted to be grown, different compositions can be 
deposited by varying . the ratio of the materials or adding 
10 relevant elements of gaseous form. The AlxGai-xN layer 
and the GaJnx_JN layer in Example 1 are particular 
examples in case of the AlpGa«iIni-.p-aN layer at p=x, q«l-x 
and p==o, q=n. 

The single-crystal structure of the gallitun 
15 nitride type compound semiconductor is developed by 
heating at TOOTC to 1200*0. It is noted that the crystal 
direction may not completely be uniform if the layer is 
deposited directly on the substrate ^ch is different 
material in lattice constant and the like from that of the 
20 layer. It is thus desired to form the low-temperature 
buffer layer 2 of polycrystalline form by approximately 
0.01 to 0.2 micrometer thick, at low temperature ranging 
from AOOV to 700"C , and to deposit the high-temperature 
buffer layer 3 of approximately 50 to 200 micrometers in 
25 thiclmesa on the layer 2 at high temperature ranging from 
700*C to 1200t: . The low-temperatiH-e buffer layer 2 is 
shifted from polycrystalline form to single-crystal form 
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during th deposition of the high-temperature buffer layer 
3 so that the two layers 2 and 3 are matched to each othar 
in lattice constant. 

The single-crystal semiconductor substrate 1 and 
5 the low-temperature buffer layer 2 are then removed by 
abrading mechanically or chemically at their rear surface 
side, as shown in Fig. 3(b). The mechanical abrading may 
be carried out with a diamond i)owder grinder and the 
chemical abrading may be implemented by use of a liqtiid 
10 mixture of sulfuric acid and hydrogen peroxide. 

As shown in Fig. 3(c), the high-temperature 
buffer layer 3 of gallium nitride type compound 
semiconductor is placed in the reaction furnace as a new 
substrate and a low-temperature buffer layer 4 . with a 
15 thicluiess of approximately 0.01 to 0.2 micrometer and a 
high-temperature buffer layer 5 with a thickness 
approximately 1 to 40 micrometers both which comprise the 
singler-crystal gallium nitride type compound semiconductor 
are deposited on the buffer layer 3 in the prescribed 
20 manner. A dadding layer and an active layer of gallium 
nitride type compound semiconductor may be deposited 
directly on the singler-crystal semiconductor buffer layer 
3 without forming the two buffer layers 4 and 5^ since in 
chemical composition the buffer layer 3 is similar to the 
25 cladding layer and active layer. The gallitmi nitride type 
compound semiconductor layer 3 which is utilized as the 
new substrate is initially formed on the single-crystsd 
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substrate 1 which is different in composition and may have 
lattice defect or dislocation caused by the lattice 
mismatch. PossiUy^ such lattice ' defect and dislocation 
are easily propagated to the single-crystal gallium 
5 nitride type comi>ound semiconductor layers formed on the 
new substrate. For preventing the propagation, it is 
preferable that the two buffer layers 4 and 5 are 
prepared. The method of deposition and properties of the 
two buffer layers 4 and 5 are identical to those of the 
10 low^emperature buffer layer 2 and the high-temperature 
(gallium nitride type compound semiconductor substrate) 
buffer layer 3 shown in Fig. 3(a). 

This process is followed by depositing in 
sequence an n-type cladding layer 6, a non-doped or an 
15 n-type or a p-type active layer 7, a p~type cladding layer 
8, and a cap layer 9 as shown in Fig. 3(d). Each of the 
cladding layers 6 and 8 has commonly thickness of 
approximately 0.1 to 2 micrometers while the active layer 
7 is as thin as approximately 0,02 to 0.2 micrometer. The 
20 thickness of the active layer 7 may be minimized so as to 
be free from the generation of lattice defect or 
dislocation. On the contrary, the thickness of the 
cladding layers 6 and 8 is limited for thinning. 
Accordingly, the cladding layers 6 and 8 are not small in 
25 thickness and susceptible to distortion if different 
materials are employed for the cladding layer and the 
buffer layer which are thicker than the other layers. It 
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is thus preferred that the material comjposition of the 
cladding layers 6 and 8 are identical to that of the 
high-temperature buffer layer 5- 

For producing the semiconductor layer such as the 
5 prescribed cladding layer and the like, to be n-type 
semiconductor layer, an impurity dopant of Si, Ge, or Sn 
is mixed with the gaseous materials in the form of 
SiH^, GeH^i, . or SnH^ respectively. Similarly, when Mg 
or Zn is added in the form of CPzMg or DMZn metal organic 

10 gas to the gaseous materials, the p-type semiconductor 
layer is deposited The p-type layer is lowered in 
resistance by aimealing at 4001C to SOO'C and providing a 
protective coating comprising SiO^ and the like over the 
cap layer 9 or by exposing to a beam of electrons for 

15 separation of H from Mg and for mobility of Mg (which has 
been bonded to H of the H2 as a carrier gas or NH3 as a 
reaction gas.) 

In this example, a double heterojunction is 
constructed by sandwiching the active layer 7 between the 

20 two, p-type and n-type, cladding layers 6, 8- The 
cladding layers 6 and 8 are arranged to be greater in band 
gap energy than the active layer 7. It is known for 
having a higher rate of band gap energy to increase £ of 
Als>Ga<aIni-j,-<»N while decreasing l-p~q. Since the two 

25 cladding layers 6 and 8 having such a high rate of the 
band gap energy are joined in the sandwich structure, 
carriers fed into the active layer (which acts as a light 
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emitting layer) . can be trapped between the two energy 
barrier produced between the active layer and the Hg^lHing 
layer. Accordingly, the action of emission and 
recombination will be oihanced distinctly in the structure 
5 of the present invention as compared with a coixventional 
homojunction structure where pn junction is developed 
between two equal materials, thus allowii^ the efficiency 
of emission of light to be increased The method of 
producing light emitting device according to the present 
10 invention is not limited to the double hetero junction 
sti-ucture but also applicable with equal success to a 
semiconductor multilayered device which hag a homojunction 
or heterojunction structure for pn junction with only 
their layer compositions being varied By providing a 
15 stripe groove by semiconductor laser, similarly the 
semiconductor light emitting device having a refractive 
index tjrpe waveguide construction can be produced It is 
noted that the cap layer 9 is provided for minimizing the 
contact resistance on an electrode metal 10 and has a 
20 thickness of at most approximately 0.2 to 2 micrometers. 

Next, as described abov^ the surface of the 
semiconductor layers is coated with a protective lay^ 
made of SiOa, SisN*, AI2O3, GaAs or InP and annealed for 
approximately 20 to 60 minutes at a temperature ranging 
25 from 4001C to SOOTc . Alternatively, it is exposed to a 
beam of electrons with approximately 3 to 20 kV of an 
accelerating voltage while no protective layer is 
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applied. As a result, the faoxiding between MfiT and H which 
are doped in the p-type layer is canceled and activated 
thus decreasing the electrical resistance of the p— type 
layer. As described above a semiconductor wafer having a 
5 multilayer structure for a semiconductor light emitting 
device is produced 

A lower electrode 11 (at n. side) is provided on 
the rear side of the semiconductor wafer by means of vapor 
deposition or sputtering of Au or Al materiaL On the 

10 front side of the semiconductor wafer, an upper electrode 
10 (at 2 side) is arranged by patterning at a central 
r^on in order to give a space for the emission of light 
when the element is employed for an LED, or in order to 
restrict a current receiving area when the element is 

15 employed for a semiconductor laser diode. The 
semiconductor wafer is finally cleft to a plurality of 
semiconductor light emitting chips, one being shown in a 
persi>ective view of Fig. 3(e). 

To form an LED, the semiconductor light emitting 

20 chip is placed in a lead frame, connected by wire bonding, 
and molded with epoxy resin material. The semiconductor 
light emitting chip turns to a laser diode when it is 
placed on a stem framework, connected by wire bonding, and 
sealed with a cap. 

25 The light emitting device and the method for 

producing the same according to the second aspect of the 
present invention will now be explained in more details 
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referring to Examples 4 to 6. 
Exanq>le 4 

Fig. 4 is an explaxiatory cross sectional view of 
5 a gallium nitride type double heterojunction LED produced 
by the method of the Example 3. The double heterojunction 
is produced fay varying a ratio of Al^ Ga, and Ih of a 
gallium nitride type compound semiconductor material 
expressed by AlpGa<xIni— ^^N. 

10 A low-temperatiu"e buffer layer 4 comprising 

n-type Al^GawIna-^M^^N (where 0^v<l, 0<w^l, 0<v+w^l, ^x, 
and 1-x-ygl-v-w), of approximately 0.01 to 0.2 micrometer 
thick, is deposited at a low temperattire of 400TC to 7001C 
by MOCVD method on a gallium nitride t3^e compound 

15 semiconductor substrate 3 which has a thickness of 50 to 
200 micrometers and comprises an n-type Al^GawInx-.ir-wN 
semiconductor layer, with utilizing the gallium nitride 
t3npe compotmd semiconductor layer as a new substrate as 
shown in Fig. 3(b). Then, a high--temperature buffer layer 

20 5 comprising n-type Al^GawInx-^wN (for example, v=0, w=l) 
which is identiceJ to the composition of the gallitmi 
nitride type compound semiconductor substrate 3 and having 
a thickness of approximately 1 to 40 micrometers is 
provided on the buffer layer 4 at a high temperature of 

25 7001C to 1200r by the same MOCVD method This is 
followed by growing an n-type cladding layer 6 comprising 
n-type Al:K:GayInx-,c-.yN (where 0gx<l, 0<y^l, 0<3c*-y^l, for 
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example y«l-x) to a thicknesa of approximately 0.1 to 2 
micrometers at 7001C to 12001C , an active layer 7 
comprising non-doped AlnGanlhi-^-xiN (where 0^m<l, 0<nil, 
0<m+n^l, m<x, and l-m-n>l-x-y, for example m=o) to a 
5 thickness of approximately 0.02 to 0.2 micrometo-, and a 
p-t3rpe cladding layer 8 comprising p-type Al»GayIni-,cr-yN 
to a thickness of approximately 0.1 to 2 micrometers. 
Fm-thermore, a cap layer 9 comprising Alx^Ga^Ini ^ 
(where 0^r<l, 0<s^l, 0<r+s^l, r^x iand l-x--y^ 1-r-s, for 
10 example r=0, s=l) and having a thickness of about 
approximately 0.2 to 2 micrometer is deposited on the 
p-i:ype cladding layer 8 to reduce contact resistance at 
the electrode. 

In the stacked layers the two cladding layers 6 
15 and 8 are identical in composition to each other and 
greater in band gap energy than the active layer 7. That 
is, by increasing the amoimt of Al and decreasing the 
amount . of In, the band gap energy of the material is 
increased. As the active layer 7 having a smaller band 
20 gap energy is sandwiched between the higher band gap 
energy cladding layers 6 and 8, carriers fed into the 
active layer 7 are trapped between the energy barriers, 
thus increasing the efficiency of light emission. 

The semiconductor layers are then exposed to a 
25 beam of electrons for minimizing the resistance in the p- 
type layer 8, equipped with dectrodes, whereby obtaining 
a semiconductor wafer having multi-layer structure and the 
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s^niconductor wafer is cleft to specific chips. As a 
result, an LED for Mue light of which the output is 
approximately 0.5 candeta (cd) in luminance, having a 
double heterojunction is obtained. 
5 The LED of Example 4 has the low band gap energy- 

active layer ' sandwiched to have a double heterojunction 
and will thus be increased in the efficiency of light 
emission. Simvdtaneously, as thicker layers, the cladding 
layers and the buffer layers comprising the semiconductor 
10 materials which are indentical in chemical composition, 
while the other semiconductor layers made of different 
compositions are reduced to such smaller values of the 
thickness as not to create any lattice defect. 
Accordingly, the semiconductor wafer having multilayer 
15 structiire is improved in the physical quality and will 
thus be cleft with much ease. 

Example 5 

A semiconductor laser device, whose explanatory 
cross sectional view is shown in Fig. 5, of this example 
is identical to the LED of Example 4 by the fact that the 
layers and electrodes are produced by the same manner. 
Hence, like components shown in Fig. 5 are denoted by the 
same numerals as those of jfeample 4. Stacking each 
semiconductor layer, as is the case with Example 4, the 
laser device of Example 5 has a mesa type produced on the 
top thereof by etching a cap layer 9 at both sides of an 
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upper electrode 10, and upper side' of a p-type daddixigr 
layer 8. This arrangement allows a current to flow across 
a central region of the active layer. Also, both end 
surfaces of the laser are mirror surfaces by cleaving so 
5 that oscillation occurs between the mirror end surfaces. 
As a result, the semiconductor laser device for blue light 
of which the output is approximately 0.2 mW is obtained. 

Example 6 

10 An LH) of this Example 6, of. which e:q>lanatory 

cross sectional view is shown in Fig. 6, having a pn 
junction is produced by growing a low-i:emperature buffer 
layer 14 comprising n-type GaN semiconductor by a 
thickness of approximately 0.01 to 0.2 micrometer on a 

15 gallium nitride tyoe comi>oiuid semiconductor substrate 13 
and a high-temperature buffer layer 15 comprising n-t3rpe 
GaN semiconductor by a thickness of approximately 1 to 40 
micrometers under the same conditions as in Example 4. 
This is followed by forming an n-type layer 16 comprising 

20 n-type Alt^Galr-^N (0gt<l), approximately 0.1 to 2 
micrometers thick, a p--type layer 17 comprising p-type 
In^Gax-txN (0^u<l), approximately 0.01 to 2 micrometers 
thick, and a cap layer 18 comprising p-type Ala-Gax-^N 
(Ogz<l). The p-type layers are then exposed to a beam of 

25 electrons produced with an accelerating voltage of 
approximately 3 kV to 20 kV and are annealed. Then a 
lower electrode 11 (at n side) and an upper electrode 10 
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(at £ side) are provided, the LED having a pn 
heterojunction is obtained While its heterojunction 
enhances the efficiency of light emission, an LED for hlue 
light of which the luminance is approximately 0.2 candela 
5 is obtained. 

Example 7 

This Example 7 is an example according to the 
third aspect of the present invention using group II— VI 

10 compound material, for example, ZnSe, ZnS as a 
semi conductor substrate. 

First, group II-VI compound semiconductor 
substrate as the substrate 3, such as a ZnSe substrate and 
a ZnS substrate, approximately 50 to 500 micrometers 

15 thick, instead of a gallitun nitride type semiconductor 
substrate is prepared, as shown in Fig. 3(b). 

Either ZnSe or ZnS of the substrate is preferably 
provided with a (111) crystal plane as a principal plane. 
Also, the group VI atoms of the group n~VI compound 

20 semiconductor substrate, namely Se or S, are exposed on 
the top surface. The method for producing the substrate 
is as follows. First, determining the direction of (111) 
crystal plane is determined by use of an X-ray diffraction 
analysis method. The surfaces where the VI group atoms 

25 are exposed (hereinafter referred to as "A** plane) are 
orientated in one direction upon dicing so that the (111) 
crystal plane is a principal plane. This allows the (111) 
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crystal plane or A plane to be identified when a larger 
atom-radius is measured with a tunnel current microscope 
since a direction where atom-rradius is larger is (111) A 
plane. 

5 Then, in the same mann^ as those of Examples 3, 

4, shown in Fig. 3(c) to Fig. 3(e), a low-temperature 
buffer layer, Al^G&yM%-^-^li (where 0^v<l, 0<wgl, 0<v+w^l, 
for example v=0, w=l) and other semiconductor layers are 
stacked and the electrodes 10, 11 are formed. As a 
10 result, the semiconductor light emitting device of Example 
7 which has the same sectional structure as shown in Fig. 
4 is obtained. 

In Example 7, if the cladding layer and the 
active layer are directly grown to gallium nitride type 

15 compound single crystal structures on the semiconductor 
substrate; lattice defect and dislocation caused by 
lattice mismatch may occur. This problem is avoided by 
providing the low-temperature buffer layer 4 and high- 
temperatin-e buffer layers 5 to obtain the cladding layer 

20 and the active layer, these layers having fine crystalUne 
structure. The high-temperature buffer layer 5 may be 
utilized also as a part of the cladding layer. 

Fiu-ther in Example 7, since semiconductor 
substrate is not made by means of epitaxial growth, 

25 desired thickness can be obtained. Thus the high- 
temperature buffer layer need not to be so thick, and can 
be provided sufficiently by approximately 2 to 5 
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micrometers thick. 

Hie semiconductor layers are then oposed to a 
beam of electrons for minimizing the resistance in the 
p-t3n?e layer 8, equipped with electrodes 10, H whereby 
5 obtaining a semiconductor wafer having multilayer 
structure, and the semiconductor \7afer is cleft to a 
specific form. As a result, an LED for blue light of 
which the luminance is approximately 0.5 candela (cd) 
having a double heterojimction is obtained. 

10 The LED of Example 7 has the low band gap energy 

active layer sandwiched to have a double heterojunction 
and will thus be increased in efficiency of light 
emission. Simiiltaneously, the cladding layers and the 
buffer layers comprising the thick semiconductor materials 

15 which are identic*! in chemical composition while the 
other semiconductor layers made of different compositions 
are reduced to such smaller values of the thickness as not 
to generate any lattice defect. Accordingly, the 
semiconductor wafer having multilayer structiire is 

20 improved in the physical quality and will thus be cleft 
with much ease. 

Example 8 

This Example 8 shows an example wherein a 

25 semiconductor substrate which is the same substrate as 

Example 7, is employed as a substrate, and a semiconductor 

light emitting device is employed as a semiconductor 
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laser. 

In this example^ since the same type 
semiconductor substrate as that of Example 7 is prepared, 
stacking the semiconductor layers dame as Example 5 are 
5 stacked and the electrodes are formed, the semiconductor 
laser having the same structure is obtained as shown in 
Fig. 5- 

This arrangement allows a current to flow across 
a central region of the active layer. Also, both end 
10 surfaces of the laser are mirror surface finished by 
precision cleavizig so that oscillation occurs between the 
mirror end surfaces. As a result, the semiconductor laser 
device for Wue light of which the output is approximately 
0.2 mW is obtained. 

15 

Example 9 

This Example 9 shows an example wherein a II-VI 
compound semiconductor substrate is. employed as a 
semiconductor substrate, which is the same as Example 7, 

20 and an LED having a pn junction is employed as a 
semiconductor light emitting device. 

In this Example 9, since the same type 
semiconductor substrate as in Example 7 is prepared, the 
semiconductor layers same as Example 6 are stacked and 

25 the electrodes is formed, then the pn junction LED having 
a heterojimction having the same structure as shown in 
Fig. 6 is obtained. 
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While its heterojunction enhances the efficiency 
of light emission than homojunction, the LED for blue 
light of which the luminance is at least 100 miUicandelas 
(mcd) is obtained 

5 

Example 10 

This Example 10 shows an example according to the 
fourth aspect of the present invention, wherein a group 
II-VI compound semiconductor substrate such as GaAs, InAa, 

10 GaP and InP as a semiconductor substrate is employed. 

First, a semiconductor substrate comprising the 
group in-y comi)ound material such as GaAs, InAs, GaP or 
InP, approximately 50 to 500 micrometers thick is employed 
instead of the gallium nitride type semiconductor 

15 substrate as shown in Fig. 3(b). The substrate is 
provided with a (111) crystal plane as a principal plane. 
Also, group V atoms, namely As or P, are exposed on the 
top surface (hereinafter referred to as *(111) A plane"). 
The method for producing the substrate starts with 

20 determining the direction of (111) crystal plane by use of 
an X-T-ay diffraction analysis method. After dicing in 
parallel with the (111) crystal plane, a surface 
containing atoms of a larger radius is the (111) A plane. 
Hence, when the larger radius is measured by a tunnel 

25 current microscope, its surface can be identified as the 
(111) A plane. 

Then, in the same manner as those of Examples 3, 
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4, shown in Fig. 3(c) to Fig. 3(e), a low^empcsrature 
buffer layer, Al^CIawIni-v-wN (where Oiv<l, 0<w$l, 0<v+wSl, 
for example v=0, w=l) and other semiconductor layers are 
. stacked and the electrodes 10, 11 are formed. As a 
5 result, the semiconductor light emitting device of Example 
10 which has the same sectional structure as shown in Fig. 
4 is obtained. 

If the cladding layer and the active layer are 
directly grown to gallium nitride type compound single- 

10 crystal structures, lattice defect and dislocation caused 
by lattice mismatch may occur. This problem is avoided by 
providing the low-temperature buffer layer 4 and 
high-temperature buffer layers 5. The high temperature 
buffer layer 5 may be utilized as a part of the cladding 

15 layer. 

In this Example 10, like other examples, since 
the s^niconductor substrate is not the semiconductor layer 
substrate which is made by means of epitaxial growth, the 
substrate is thick enough. Thus the high-temperature 

20 buffer layer needs not to be so thick, and can be provided 
sufficiently by approximately 2 to 5 micrometers thick. 

After forming the semiconductor layers, the 
semiconductor layers is then exposed to a beam of 
electrons for minimizing the resistance in the p-type 

25 layer, equipped with electrodes, whereby obtaining a 
semiconductor wafer havmg multi-layer structure and 
the semiconductor wafer is cleft to a specific form. As a 
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result, an LED for Uue light of which the luminance is 
approximately 0.5 candela (cd) having a double 
heterojunction is obtained. 

The LED of Example 10 has the low band gap energy 
5 active layer which is sandwiched to compose a double 
heterojunction and will thus be ixun-eased in efficiency of 
light emission. Simultaneously, the cladding layer and 
buffer layer comprising the semiconductor materials which 
are equal to each other in chemical composition, while the 

10 other semiconductor layers made of different composition 
are reduced to such smaller values of the thickness as not 
to generate any lattice defect. Accordingly. the 
semiconductor wafer having multilayer structure is 
improved in physical quality and will thus be cleft with 

15 much ease. 

Example 11 

This Example 11 shows an example wherein a group 
m-V compoiind semiconductor substrate which is the same 
substrate as in Example 10 is employed and a semiconductor 
laser is employed as a light emitting device In this 
Example 11, since preparing the same semiconductor 
substrate as Example 10, stacking the semiconductor layers 
same as Example 5 and forming the electrodes, a 
semiconductor laser can be obtained that has the same 
structure shown in Fig. 5. 

This arrangement allows a current to flow across 
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a central r^on of the active layer. Also» both end 
surfaces of the laser are mirror surfaces by cleaving so 
that oscillation occurs between the mirror ends surfaces. 
As a result^ the semiconductor laser device of blue light 
5 of which the output is approximately 0.2 mW is obtained 

Example 12 

This Example 1 2 shows an example wherein a 
semiconductor substrate of group m-V compound material 

10 which is the same substrate as in Example 10 is employed 
and a pn junction LED is employed as a light emitting 
device In this Example 12, since preparing the same 
semiconductor substrate as Example 10, stacking the 
semiconductor layers same as Example 6 and forming the 

15 electrodes, a pn jimction LED having a hetero junction can 
be obtained that has the same structure as in Fig. 6. 

While its pn heterojimction ensures a higher 
efficiency in the light emission than pn homojunction, the 
LED blue light of which the luminance is approximately 0.2 

20 candela (cd) is obtained. 

Although the foregoing examples according to the 
present invention are described in the form of 
semiconductor laser devices having a stripe pattern of the 
current feeding region produced by mesa etching technique, 

25 they are . illustrative but not limitative. Other 
variations of the blue light semiconductor laser device of 
gallium nitride type compound semiconductor having a 
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current Uockizig layer of opposite conductive type* the 
blocking layer being inserted in the cladding layer in 
which a stripe groove is formed^ or having an embedded 
structure wiU be made with equal success wherein the 
5 sides are perpendicular to the substrate The gallium 
nitride type compound, semiconductor layers are not limited 
to the compositions shown alx^ve. It may be determined 
with p and 3 of Al„GaciIni-,»-^N (where 0^p<l, 0<q^l and 
0<p+q^l) so that the band gap energy of the active layer 

10 is smaller than that of the cladding layers. Also, a 
material wherein a part or all of N in Al^GauJnx-^^^N is 
substituted with As and/or P is applicable to the present 
invention. Not only the . laser diode but also the LED 
according to the present invention can be adapted in which 

15 a laser output is emitted from not a top but a 
perpendicular side. Thus, the laser output of the LED is 
allowed to emit in a specified direction regardless of 
either the double heterojimction or the pn jimction 
structure. 

20 According to the first aspect of the present 

invention, the single-crystal substrate is employed and 
gallium nitride type compound semiconductor layers are 
grown on a thin insulating layer. This allows distortion 
at the interface to be minimized as compared with direct 

25 deposition of the gallium nitride type compound 
semiconductor layers over jsl . conventional sapphire 
substrate The single-crystal substrate is inexpensive 
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and advantageous in machining process and will thus 
facilitate the production of devices. 

The multilayer structure is composed mainly of 
the thick gaUium nitride type compound semiconductor 
5 layers including cladding layers and the like and the 
insulating single-crystal silicon substrata, and will be 
cleft with ease having its light emitting surfaces mirror 
surfaces. This allows favorable production of 

semiconductor lasers for blue light. 
10 According to the second to fourth aspects of the 

present invention, the substrate is not made of an 
insulating material and allows lower electrodes to be 
attached directly thereto. It is unnecessary to carry- 
out a conventional etching process to expose corresponding 
15 regions of a conductive layer as the electrodes. Since 
such a dry etching process is eliminated, the overall 
procedure is simplified and deterioration caused by the 
resistance in the material quality caused by contamination 
dining the etching process Mdll be prevented. 
20 Also, the semiconductor substrate is made of a 

gaUium nitride type compound semiconductor similar to 
those of the relatively thick layers such as the cladding 
layers. As a result, the substrate and the layers are 
matched in crystal alignment and can thus be deft with 
25 ease to specific mirror end surfaces. This allows 
production of semiconductor lasers for blue light. 

• Since the substrate is made of a gallium nitride 
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type compound semiconductor which is the same kind as the 
oi>erating layers. Hence^ the substrate and the active 
layer are equal in the lattice constant thus producing 
lattice matching and minimizing lattice defect or 

5 dislocation. The quality of the semiconductor layers of 
the device will thus be enhanced by improving the 
efficiency of light emission and increasing the operation 

. life 

According to the fourth aspect of the present 

10 invention, either ZnSe or ZnS of the substrate allows, 
transmission of light without absorption of light of at 
least 470 nanometers wavelength or at least 320 nanometers 
wavel^gth resi>ectively. When the light emitting device 
of the present invention produces light of which the 

15 wavelength is at most above-mentioned value, its 
operational efficiency will be particularly optimimi. 

By use . of group UI-V compound semiconductor 
material as a semiconductor substrate will be improved in 
performance when the substrate is made of gallitmti arsenide 

20 with the buffer layers containing gallium, of indium 
arsenide with the buffer layers contgiining indium, of 
galliima. phosphide with the wavelength of at least 550 
nanometers or the buffer layers containing gallium, or of 
indium phosphide with the buffer layers containing 

25 indium. 

By use of group II-VI or group ni-V compound 
material as the semiconductor substrate is employed to 
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match in lattice constant of cnrstal structure^ 
undesirable lattice defect or dislocation will be 
prevented. As a result, the quality of the semiconductor 
layers is enhanced thus improving the efficiency of light 
5 emission and increasing the operational life of the 
semiconductor light emitting device. The semiconductor 
layers can also be cleft with much ease giving fine mirror 
- surfaces and implementing favorable semiconductor laser 
for blue light. 

10 Though several embodiments of the present 

invention are described above, it is to be understood that 
the present invention is not limited only to the above- 
mentioned, various changes and modifications may be made 
in the invention without departing from the sprit and 

15 scope thereof. 



